Low temperature in the field causes chilling injury (CI) in banana and peel browning. The aim of this paper was to investigate the influence of different bagging materials and combinations on bunch development of banana (Musa AAA cv. Nanica) and the occurrence of CI. The study was carried in Jacupiranga, São Paulo, Brazil, in a completely randomized design in 2 × 9 factorial, two years of formation (2013 and 2014) and nine bagging materials, with eight replicates. Materials consisted in blue transparent polyethylene, white non-woven fabric, white opaque polyethylene, bubble wrap, white laminated non-woven fabric, double paper, blue transparent polyethylene plus kraft paper, blue transparent polyethylene plus white non-woven fabric and control (non-bagged). Fruits formed in both years showed low L* and C* values related to the CI index. On the coldest days of 2013 and 2014, bagging raised the temperature by only 1.91 and 3
Introduction
Bananas are grown in more than 150 tropical and subtropical countries, producing 105 million tonnes of fruit per year (Santosh et al., 2017) . Low temperature is one of the factors that limits the establishment of banana plantations at certain latitudes, and has hard impact on the development of plants and fruit production and quality (Rodríguez-Zapata, 2015) .
Banana fruit is extremely sensitive to chilling injury (CI), exhibiting symptoms when exposed to temperature below 12 C (Chen et al., 2008) . The symptoms are usually apparent only in the peel and include peel pitting and discoloration and abnormal ripening of pulp tissues (Chen et al., 2008) , which increase with decreasing temperature (Nguyen et al., 2003) .
Dysfunction of cell membrane and excess production of reactive oxygen species (ROS) are two primary events involved in CI development (Chongchatuporn et al., 2013) , that induce peel browning associated with the oxidation of latex within the vascular strands (Hashim et al., 2012) . Note. * µ = 0.001 mm; ** Transmissivity was measured using a portable light meter under illuminance light of 840 klx.
Assessed Variables
A temperature reading system was installed to collect data on the surface of fruits and the environment. For this, Datalloger Campbell Scientific, Logan, Utah, USA, Model CR 1000 was used, with data collection interval of five minutes. Mean daily temperatures and cumulative rainfall were recorded at a meteorological station (Campbell Scientific, Logan, Utah, USA) located 10 km from the experimental site. The thermal sum in degree-days was calculated using 14 °C as baseline temperature (Ganry & Meyer, 1975) .
Bunches were harvested when fruits from the last hand reached 3 cm in diameter and the number of hands (NH), bunch mass (BM) and stalk mass (SM) were recorded. Hand 1, hand 4 and the last hand of the bunch were weighed, and the number, mean diameter and length of fruits in each hand were recorded.
CI was scored visually based on the intensity of surface browning of banana of according to methodology established by Nguyen et al. (2003) , as follows: 1, no CI; 2, mild injury; 3, moderate injury; 4, severe injury; 5, very severe injury. At score 2 there is no visible browning on the skin surface but if the epidermal tissues are peeled, grayish areas are found close to the surface. At score 3 there are more such areas, which are larger and darker, and several form continuous lines. At score 4 grayish brown patches are visible on the skin. Cross section of the peel shows larger and darker areas than at score 3. At score 5 there are relatively large dark patches on the skin surface.
Chlorophylls Content
Three peel discs (9 mm diameter) were removed from one side of fruit banana and incubated with dimethyl sulfoxide for 24 h in the dark (Hiscox & Israelstam, 1979) . The supernatant was used to determine the chlorophyll content according to the method of Wellburn (1994) in a spectrophotometer Shimadzu UV-1601 (Japan).
Phenolics Content
Total phenolics in peel tissues were determined according to the Folin-Ciocalteu procedure, using the method described by Singleton et al. (1999) . The extraction was carried out with ethanol by 24 h in the dark. Peel tissues were homogenized with methanol and extracted for 18 h in the dark. Then the homogenate was filtered, centrifuged. The compounds reacted with with Folin-Ciocalteu reagent and Na 2 CO 3 and the quantification was conducted in a spectrophotometer Shimadzu UV-1601.
Fruit Color
The color of the peel of the green and ripe fruit was measured at four locations around equatorial region on each fruit using a colorimeter (CR-400, Minolta, Tokyo, Japan) calibrated using a standard white plate. The illuminant was D65 and color was measured using the CIE L*a*b* system. L* denotes brightness (0 = black and 100 = white) and chromatic co-ordinates a* (+a* = green and -a* = red), b* (+b* = yellow and -b* = blue). The hue angle (h o ) and chromaticity (C*) were calculated by the equations below:
Hand 4 was stored at 25 °C and 85-95% relative humidity up to stage 6 of the Von Loeseck scale (1950) was reached for shelf life determination and analyses in maturity.
Shelf Life
Shelf life was then determined as the number of days taken by the fruit to progress from ripeness stage 6 of the Von Loeseck (1950) 2.3.5 Mass Loss
Physiological losses in mass of the fruit was determined with equation on the basis of initial mass of the green fruit and loss at maturity and expressed in percent:
Where, ML is mass loss, Mi is the initial fruit mass and Mf is fruit mass at maturity.
Fruit Firmness
Fruit firmness was measured with the help of 'Penetrometer' (Model FT-327, QA Supplies, Norfolk, VA, USA) after removing of a portion of the peel. The pressure required to force a stainless steel probe of 8 mm in diameter into banana was recorded and the results were given in Newtons (N).
2.3.7 Titratable Acidity, Soluble Solids Content and pH Titratable acidity (TA) soluble solids (SS) content and pH were determinated after homogenizing a portion of the pulp with distilled water.Titratable acidity was measured using titration method with 0.1N NaOH up to pH 8.0 in the presence of phenolphthalein (AOAC, 2005) and expressed as percentage malic acid. The pH was measured using a Tecnal (Piracicaba, Brazil) pH meter calibrated by pH 4 and 6.4 buffer solutions (AOAC, 2005) . Total soluble solids content was determined with the help of an Atago (Japan) hand refractometer and results expressed as Brix (Tressler & Joslyn, 1961) .
Content Soluble Sugars and Starch
Soluble sugars were determined after extracting with hot ethanol and reaction with anthrone (Hodge & Hodfreiter, 1962) , and starch quantified in residue from ethanol extraction of soluble sugars (McCready et al., 1950; Patel, 1970) .
Dry Matter and Contents of Nutrients
Dry matter was determined by loss mass of samples pulp and peel of 10 g fresh mass following 48 h drying in a forced air oven (65±2 C). The contents of nutrients were determinate in the dry matter of peel and pulp the according to Souza et al. (2016) .
Incidence of Disease
Incidence of disease (Anthracnose and Crown Rot) was calculated from the number of hands with disease to the total number of hands.
Statistical Analysis
Data of analyses were expressed as means of three replicate determinations. Statistical analysis was conducted jas.ccsenet.org Vol. 10, No. 3; with the SISVAR software (Ferreira, 2011) . Mean comparisons were performed using the Tukey's test (p < 0.05).
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To determine the behavior of variables during shelf life of fruits, the study conducted regression analyses and adopted linear, quadratic or cubic models. Plots in this paper were made by Origin 8.5.
Results and Discussion

Effect of Year of Bunch Formation
In the period between flowering and harvest (PFH) in 2013, the average daily minimum and maximum temperatures were, respectively, 13.30 and 22.94 °C, accumulated rainfall of 377 mm, number of hours with temperature below 12 °C of 182.08, and 5.25 hours below 5 °C. In 2014, mean temperatures were slightly higher, from 14.49 and 23.96 °C, lower cumulative precipitation, equal to 296.97 mm, number of hours with temperature below 12 °C of 72.75 and there was no temperature below 5 °C. Despite the differences, bunch mass (BM) and stalk mass (SM) did not vary between years, as well as the number of leaves, which were maintained between 7 or 8 with bagging (Table 2) . PFH was longer in 2013 as a reflection of lower temperatures. Table 2 . Bunch of characteristics and ripe fruits of banana cv. Nanica depending on the year of formation , hue angle; SL, shelf life; PM, mass loss; F, firmness, pH; TSS, total soluble solids; TA, titratable acidity; SS, soluble sugars; S, starch; DMpeel, dry mater peel and DMpulp, dry matter pulp. Means followed by the same letters in the column did not differ from each other by the Tukey test (p < 0.05). *, p < 0.05; ** p < 0.01; NS , not significant to F test (p < 0.05).
Fruits exhibited higher CI in 2013 (Table 2 ), due to the higher stress intensity, in terms of number of hours and minimum temperature reached. However, there were no differences in b* and L* between fruits formed in the two years. Variable a* was lower in mature fruits in 2013, compared to 2014, as well as h o and C*, indicating less yellow peel and less color purity due to browning. The absence of variation in L* between years indicates that brightness was more sensitive to CI than C*, that is, with few hours of exposure to temperature below 12 °C, peel browning could already be observed.
Fruits formed in the same experimental area without exposure to cold (spring/summer) were evaluated in 2013 and 2014 to establish the desirable color (standard) for the cultivar, whose mean values were L*, 73.92; h o , 87.59 and C*, 51.84. These values, when compared with those of this study (Table 4) , generated negative variations, L* of -7.84 and -7.80, for h o of -2.27 and -1.08 and for C* of -9.27 and -5.54, respectively, in 2013 and 2014, revealing that changes in these color measures coincide with peel browning. The less pronounced variations in h o are in agreement with the observations of Ratule (2006) , in which CI causes more pronounced reduction in L* and C*. The greatest variation in C* in fruits formed in 2013 is probably related to stress intensity. More recently, Cho et al. (2016) confirmed that the CIE L*a*b* system is suitable for evaluating banana browning; however, inspection using colorimeter does not provide color information representative of the entire surface.
showed longer PL as well as higher pH, and on the contrary, lower DMpulp compared to fruits harvested in 2013. According to Moradinezhad et al. (2008) , the thermal units accumulated during PFH have a strong relation with PL. In 2013, in PFH, 630 degrees-days in 143.18 days, and in 2014, a little more, 736 degrees-days in only 120.36 days were recorded due to the higher temperature. This resulted in the harvesting of fruits of bunch 4 in 2013 and 2014 of average length and diameter, respectively of 3.54 and 22.66 cm, but with more advanced physiological maturity in 2013 than in 2014, which explains the need for smaller time to reach maturation in 2013 (Table 2) . Bugaud et al. (2006) also observed higher PL for banana 'Nanica' cultivar harvested with lower PFH.
Despite the differences in temperature exposure capable of causing CI in both years, there were no differences in TSS in the pulp, which is indicative of the amount of sugars in the fruit (Bugaud et al., 2013) , as well as in the contents of starch and soluble sugars (Table 2 ).
Fruits formed in 2013 when mature had lower pulp pH when compared to those formed in 2014 (Table 2) , a difference supposedly more related to metabolism during maturation than to damage to cell membranes and decompartmentalization, which is the primary effect of cold (Nguyen et al., 2003) . This is because the mean F values in both years did not indicate failure of softening (Chen et al., 2008) , a symptom of CI in the pulp, as well as browning.
The DMpulp of fruits formed in 2013 was higher than that of fruits formed in 2014, indicating a greater amount of photoassimilates accumulated as a result of the higher water availability, or even higher PFH (Table 2) .
Ca, Fe and Zn contents in the peel and Ca, S, B and Cu in the pulp were not influenced by the year of bunch formation (Table 3) , while the Mn content in the peel and pulp was influenced by the interaction between year of bunch formation and cover. N, P, K, Mg, S, B and Cu contents were lower in the peel of fruits formed in 2014 than in those formed in 2013, as well as the N, P, K, Mg and Fe contents in the pulp, a difference attributed to water availability, which affects the movement of nutrients in the soil, absorption, transportation and mobilization for fruits, since the fertilization program adopted was the same in both years. Comparing the nutrient contents with those obtained by Aquino et al. (N, P, Cu, Fe, and Zn) for fruits of 'Nanica' and 'Nanicão' cultivars, it was observed that for peel, N, P, Cu, Fe and Zn contents were lower, while K, Ca, Mg and Mn were higher, while for pulp, N, P, Fe and Zn contents were lower, since K, Ca and Mn were higher and Mg and Cu contents were closer. The higher K and Ca levels are reflections of liming and fertilization, while the Mn content in peel and pulp, which was about 7 times higher, reflects soil fertility. Chillet et al. (2000) verified that banana produced in alitic and hyperferric soils exhibited high Mn content in the peel, which agrees with the fact that the soil of the experimental area is iron rich, with average content of 340 mg dm -3 , considering both years of bunch formation.
Effect of Bagging Materials
Bagging increases temperature and humidity and decreases light intensity (Harvey, 2005; Elkashif et al., 2010; Vargas et al., 2010; Muchui et al., 2010; Mustaffa & Kumar, 2012; Kutinyu et al., 2014; Sarkar et al., 2014) of banana fruits. In fact, in the coldest days of 2013 and 2014 (Figure 1 ), bunch cover raised the peel surface temperature compared to non-bagged fruits in up to 1.91 and 3.17 C, respectively. In this condition, the increment of temperature in WOP was the greatest, followed by BTP+WFN. However, considering 12 C as the limiting temperature for the occurrence of CI (Nguyen et al., 2003; Chen et al., 2008) , none of the materials was able to prevent stress. WOP stands out due to the greater thickness, capacity of radiation diffusion in all directions, high radiation transmittance in the visible region, but a certain degree of opacity, which prevents the reflection of radiation in the infrared region from the fruit, concentrating heat on the inner surface of the film. As it consists of two layers that reduce heat transfer (Harvey, 2005) , BTP+WNF treatment has high-transmittance polyethylene, which allows the absorption of a large part of incident radiation and its concentration on the external surface of WFN, and since it is a very porous material, prevents the loss of heat by fruits, being recommended for subtropical regions (Mustaffa & Kumar, 2012) . Harvey (2005) detected lower infrared radiation transmission by BW in relation to BTP, which explains its higher temperature conservation capacity on colder days. For the two years of bunch formation, BTP was the material that exhibited lower efficiency. For the two years of bunch formation, BTP was the material that showed lower efficiency, probably due to the lower material thickness. Table 3 . Contents of nutrients in ripe fruits of banana cv. Nanica depending on the year bunch formation Fruits formed in 2014 exhibited CI symptoms when exposed to a minimum temperature of 8.90 °C (Table 2) , agreeing with the report by Kutinyu et al. (2014) , in which banana undergoes relatively high temperature stress in the field, condition that is frequent in the winter in the region where the experiment was conducted.
In India, the bagging of bunches of "Grande Naine" cultivar with transparent polyethylene of different thicknesses (20 and 40 μ) and perforation percentage (20, 30 and 30%) promoted a rise of up to 1.5 °C in temperature and up to 9% in relative air humidity (Sarkar et al., 2014) . In Africa, the bagging of 'Grande Naine' and 'Willians' bunches with polyethylene (not-perforated and perforated) and cheese cloth bags raised the temperature by up to 3 °C when the minimum air temperature reached between 12 and 13 °C, being possible to prevent CI (Kutinyu et al., 2014) .
The use of thick and dark materials may cause deleterious effects to fruits due to excessive temperature rise and radiation in the spring. On the hottest day of 2013, October 21 at 02:15 pm, when the air temperature reached 37.13 °C, the surface temperature of the fruit peel NB, BTP, WNF, WOP, BW, WLNF, DP, BTP+KP and BTP+WNF, were respectively 36. 05; 30.74; 29.32; 31.98; 29.13; 29.43; 24.18; 27.35; 28 .01 °C. Regardless of material, bagging prevented the supra-optimal temperature (31 °C) (Robinson & Saúco, 2012 ) from being exceeded, preventing scalding and early maturation of fruits. Under this condition, DP was the most efficient material due to the low transmissivity and high radiation reflectance.
BM was not affected by the bunch cover, but PFH, as observed by Vargas et al. (2010) , with response depending on the year of bunch formation (Figure 2 ). In 2014, bunch bagged with DP had shorter PFH when compared to non-bagged bunches, while other materials did not differ. Due to its double layer, low radiation transmissivity and absence of perforations (Table 1) , PD altered in a different way the temperature and probably gas exchanges in the atmosphere next to the fruit. The formation of the bunch in 2014, despite having occurred under a higher temperature compared to 2013, occurred under water restriction, which justifies DP having promoted lower PFH.
Modification in the atmosphere near the fruit can cause changes in the peel composition and anatomy (Amarante et al., 2002) . In this study, no deleterious effects were observed on the peel caused by different bagging materials.
The reduction of the transpiration flow with bagging can alter the redistribution of nutrients to the fruit (Amarante et al., 2002) . However, only the Mn content was affected by bagging materials (Figure 2 ), which response depended on the year of bunch formation. In 2013, there were no differences in the Mn content in the fruit peel, whereas in 2014, they were higher in bunches bagged with BW, followed by NB and lower in fruits bagged with DP and BTP+WFN. In the pulp, in 2013, the highest levels occurred in NB and BW treatments and lower in bunches bagged with DP, BTP+WFN and BTP+KP. In 2014, the difference in Mn content among materials was not significant. The greater accumulation in double-layer materials is probably due to changes in relative humidity and temperature. The high average values in the peel as previously reported, may be related to jas.ccsenet.org Vol. 10, No. 3; the excess of soil Fe content, which induces greater Mn absorption and accumulation. Note. Non-bagged (NB); blue transparent polyethylene (BTP); white non-woven fabric (WNF); white opaque polyethylene (WOP); bubble wrap (BW); white laminated non-woven fabric (WLNF); double paper (DP); blue transparent polyethylene plus kraft paper (BTP+KP); blue transparent polyethylene plus white non-woven fabric (BTP+WNF). Measure taken on the hand 4 of the bunch.
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The percentage of dry matter in the peel (DMpeel) was higher for BTP and lower for fruits bagged with BTP+KP (Figure 3 ), other treatments did not differ. There were no problems in the handling of fruits bagged with BTP+KP in the post-harvest, which could indicate a greater possibility of physical damage due to the lower peel thickness. Aquino et al. (2014) found mean DMpeel value of 10.25% for subgroup AAA cultivar, similar to that found in this study.
Post-harvest cold stress reduced resistance to pathogens (Gamal et al., 2010) . In spite of the possible differences generated in the environment of fruit growth, as well as the exposure to temperature below 12 °C, the incidence of diseases was not influenced neither by the year of bunch formation nor by the bagging material. Crown Rot occurred in 97.22% of bunches, while Anthracnose occurred in 1.39%.
The CI symptom is due to deterioration of chlorophyll and oxidative polymerization of phenols (Hashim et al., 2012) . In the peel of green fruits, the chlorophyll content, regardless of year of bunch formation, was lower in PD while L* was higher, as a consequence of the lower radiation transmissivity of the material (Figure 3 ). Other color components in the peel of green fruits were not influenced by the bagging material.
The content of chlorophylls in the peel of fruits protected with different bagging materials and not bagged was reduced during fruit maturation, with no apparent alteration of the degreening process that could be associated with CI (Figure 3) . Note. Non-bagged (NB); blue transparent polyethylene (BTP); white non-woven fabric (WNF); white opaque polyethylene (WOP); bubble wrap (BW); white laminated non-woven fabric (WLNF); double paper (DP); blue transparent polyethylene plus kraft paper (BTP+KP); blue transparent polyethylene plus white non-woven fabric (BTP+WNF). Means followed by the same uppercase letter, for bagging materials, within each year, or lowercase, for harvest years for each bagging material, did not differ from each by Tukey test (p < 0.05). Figure 3 . Dry matter, chlorophylls content and lightness in the peel of the green fruit and dry matter, coordinate b* (b*), angle hue (h) and chromaticity (C*) in the peel of the ripe fruit, depending of bagging material of banana cv. Nanica
Note. Non-bagged (NB); blue transparent polyethylene (BTP); white non-woven fabric (WNF); white opaque polyethylene (WOP); bubble wrap (BW); white laminated non-woven fabric (WLNF); double paper (DP); blue transparent polyethylene plus kraft paper (BTP+KP); blue transparent polyethylene plus white non-woven fabric (BTP+WNF). Means followed by the same letter did not differ from each by Tukey test (p < 0.05).
The fact that green fruits bagged with DP showed higher L*, suggests that chlorophylls may be involved in browning (Figure 3 ). The content of total phenols of the peel of green fruits did not vary between the two years of bunch formation and packing material, presenting an average value of 1.85 mg g -1 FW of peel, close to that observed by Nguyen (2003) and Rodríguez-Zapata et al. (2015) for cultivars of the same subgroup. These compounds have their synthesis induced by phenylalanine ammonia lyase (PAL) in response to low temperature in post-harvest for acclimatization (Lafuente et al., 2004) . As antioxidants, they eliminate reactive oxygen species (ROS), preventing oxidation reactions, especially membrane lipids (Kondo et al., 2005) . However, when the protection capacity is exceeded, cellular decomposition occurs and phenolic compounds are consumed in the oxidative degradation in polyphenol oxidase (PPO) catalyzed reaction, which results in browning. In fact, Nguyen et al. (2003) observed a reduction in the content of total free phenols, in contrast with the increase in the PAL and PPO activity of banana peel exposed to low temperature in the post-harvest period.
In the peel of ripe fruits, CI, L* and a* were not affected by bagging materials, unlike b*, h and C*, which were lower in bunches protected with DP, although there were differences among other bagging materials and non-bagged fruits (NB). This suggests that modifications in the peel color components were due only to the reduction of the available radiation.
Conclusion
The bagging materials did not promote sufficient temperature elevation capable of preventing CI, and did not induce a differentiated reduction in the peel browning intensity.
